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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHBACAPDI:

OBCA/IBIKOB Bakpir Hopikbaiiyibl, TexHHKa FbUIBIMAAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akagemuri, A.b. bexrypoB aTelHmarsl XUMHS FBUIBIMAApPBI HHCTHTYTHL, (AnMarsl, Kasaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKIIUS AJTIKACBI:

OBCOMETOB Mouic Kyasicyabl (6ac  peaakTopiblH — OpbIHOAcapbl), I€ONOTHs-MUHEPAIOTUst
FBUIBIMIAPBIHBIH JOKTOPEI, mpodeccop, KP ¥YFA akamemuri, Y.M. Axmencadun atemparsl I'maporeomorus
JKOHE TEOdKOJIOTUsSI MHCTUTYTHIHBIH JupekTopsl, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

7KOJITAEB I'epoii KoJrraiiyJibl, reonorusi-MIHHEPAIOryst FRITBIMAAPBIHBIH TOKTOPHI, ipodeccop, KP YFA
KypMeTTi axazemuri, (Ammarsl, Kasakcran), https:/www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY J[Ipumen, PhD, xaysivmpacteipeurran mpodeccop, HeOpacka yruBepcureriniy Cy FhUIBIMIaphI
3epTxaHacbiHblH  aupekropel,  (HeOpacka  mrarer, — AKIH),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typassl rpuibiMaap OemiMiHIH METPOTIOrHs JKOHE Maiaansl Kazdamap
KeH OPBIHIApHI CallaCBIHIAFEI 3epTTeyNIepiHiy jxerekurici, Taburu Tapux Mypakaitsl, (Jlonnon, ¥isiopuranus),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua bBopucoBny, TexHHKAa FBUIBIMIAPHIHBIH JOKTOpbI, HaHCH yHHBEpCHTETIHIH
npodeccopsr, (Hancu, @pannust), https:// www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

IIEH IIun, PhD, KpiTail reonorusyiblK KOFAaMbIHBIH Tay-KeH T'€OJOTHSICH KOMUTETI JUPEKTOPBIHBIH
opbIHOacapbl, AMEpPHKAHIBIK JKOHOMHKAIBIK T'COJOrTap KaybIMAACTHIFBIHBIH Mymieci, (Beibxin, Kpirail),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUUIEP Axceas, KaybIMIacThIpsLIFaH npodeccop, PhD, /lpe3nen TexHuKanbIK yHUBEpcHTeTi, ([pesneH,
Bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buagumup EHoxoBHY, XUMUsI FBUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri, XKana
Marepuaigap XUMHSICHI MHCTUTYTHIHBIH KypMeTTi aupekropsl, (Munck, Bemapycsk), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIMH Credan, PhD, xaysiMpacteipsurran mnpodeccop, TexuukamsKk yHuBepcureTi ([[pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB ‘Kanaii, PhD, xaysimaacteipsuiran npodeccop, HasapbaeB yHuBepcureri (Acrtawa,
Kasakctan), https://www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHU IMaoao, PhD, xaysivpacteipsurran mpodeccop, bukokk Mmuman ynusepcuteti, (Muman,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIIEUICOBA Map:xaun Baiicankbi3bl — TexHuKa reutbIMaapbiHbIH JOKTOpBI, K.M. CoTOaeB aThiHIaFb!
Ka3zaky/iITTeIK3epTTey TEXHUKAIBIKyHIUBEpCUTEeTiHIHTpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopan6aii Toiidacapy/ibl, TeXHHKa FBUIBIMAAPBIHBIH JOKTOPBI, mpodeccop, «leodusmka sxoHe
celicmonorus» Kadenpacebly MeHrepymrici, K.M. CorGaeB arbiHmarsl Ka3ak YITTHIK 3epTTey TEXHHKAIBIK
yHuBepeuteti, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn yuuepcureriniy Tasty LIBIFbICTBI HEPCIEKTUBANBI 3€PTTEY OPTAJBIFHIHBIH
npodeccopsl, JIyHI yHHBEpCUTETIHIH TONBIK KypcTsl mpodeccopsl, (IIBemus), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, ApHdib yHHBEPCUTETiHIH X UMISIIBIK HEKCHEepHs (paKyIbTeTi skoHe LIIBIFbIC FRUTBIME-
3eprrey opranbirbl, (M3pawis), https://www.scopus.com/authid/detail.uri?authorld=8610969300, https:/www.
webofscience.com/wos/author/record/53680261

«KP ¥FA» PKB Xa6apaapsl. I'eo10rus #oHe TeXHUKAJBIK FBLIBIMAAP CEPHSCHI».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menikreyi: «Kazakcran PecriyonukachiHbIH YIITTHIK FBUTBIM akageMusicb» PKB (AnMars K. ).
Kaszakcran PecrnyOnukachiHblH AKnapar J>koHE KOFAMIBIK JaMy MHHHCTDPIIMiHIH AKmapar KOMHTETiHJIe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3iMaik 6acbuIbIM TipKeyiHe KOHbUTY Typallbl KyalliK.
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XUMUATBIK MEXHON02UANADb
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IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii tupekrop AO «MHCTUTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb ITTABHOI'O PEJAKTOPA

ABCAJIBIKOB Baxeit Hapuk6aeBu4, JOKTOp TEXHMYECKHMX Hayk, npodeccop, akazemuk HAH PK,
Wuctutyt xuMmudecknx Hayk uM. A.B. Bekryposa (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKIIMOHHAS KOJIJIET' ASI:

ABCAMETOB Mauuc KyabicoBuy, (3amMecTuTelb IVIABHOTO — pPEJAaKTOpa), JOKTOP  I'eoJIoro-
MHHEPAIOrHIeCKHX HayK, mpogeccop, akagemuk HAH PK, mupexrop MHCTHTYTa rTHAPOTE0IOTHI U F€0IKOIOTHI
um. Y.M. Axmencaduna (Anmarsr, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii ’KosrraeBu4, 1OKTOp re0I0rOMHHEPATOTHYECKUX HAYK, TPOdeccop, MOUETHBIH aKaIeMUK
HAH PK (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https://www.
webofscience.com/wos/author/record/1939201

CHOY Jpumnen, PhD, acconunpoBanusil npogeccop, aupexrop JlabopaTropuu BOXHEIX HayK YHUBEpCHTETa
Heb6packu (mrar HeGpacka, CLIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJBTMAHH Paiimap, PhD, pykoBomutenb HCCIEIOBaHUi B 00JIACTH METPOJIOTMU U MECTOPOXKICHHM
MOJIe3HBIX UCKoTlaeMbIX B Otjiene Hayk o 3emie Mysest ecrectBernHol uctopun (JIonaoH, Aurms), https://www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MMAH®WJIOB Muxana BopucoBuy, 10KTop TeXHUUECKUX Hayk, Ipodeccop Yuusepcutera Hancu (Hancn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

IIEH Iun, PhD, 3amecturens aupexropa Komurera 1no ropHoil reosnoruu Kurtaickoro reojaoruueckoro
obmecTBa, WieH AMEPUKAHCKOH accoruanuy skoHoMmdeckux reosoros (Ilexwn, Kuraif), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUIIEP Axkcens, accounupoBanHbiii npopeccop, PhD, texuudeckuii yuusepcurer Jpesnen ([pesueH,
Bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buaagumup EHokoBHY, JOKTOp XMMHYecKuX Hayk, akagemMuk HAH Benapycu, nouerHsiii
mupexTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (Munck, bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIMH Credan, PhD, accoummmposanusii npodeccop, Texumueckuil ynusepcuteT ([lpesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAI'MHTAEB Kanaii, PhD, accorunpoanusiii npodeccop, Hazapoaes ynusepcurer (Acrana, Kasaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTHUHMU Ilaoao, PhD, acconumposanusii npodeccop, Munanckuii yausepcurer bukokk (Mman,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicaHoBHAa — JOKTOp TEeXHHYECKHX Hayk, Ipodeccop Kazaxckoro HammoHanbHOro mccienoBaTelIbCKOro
Texuuueckoro ynusepcutera um. K.M. Carnaea, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=57202218883, https://www.webofscience.com/wos/author/record/ AAD-1173-2019

PATOB Bopan6aii ToiidacapoBu4, TOKTOp TEXHHYECKHX HaykK, mpodeccop, 3aBemyromuii kadeapoit
«T'eom3uka u ceiicmonorusy, Kasaxckuil HannoHansHbIN HCClIeOBATENIbCKUN TEXHHYECKHH YHUBEPCUTET M.
K.W. Carmaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, IIpopeccop LleHTpa nepcreKTBHbIX OIMKHEBOCTOUYHBIX HCCIEeA0BaHUN JIyHACKOTO
yHuBepcHuTeTa, npodeccop (monuslii kype) Jlymnckoro ymmusepcurera, (IlIBemus), https://www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MUPJIAC Baagumup, DaxynsreT XUMHUECKOH HHXKEHEPHH U BOCTOUHBIN HayYHO-HCCIIENOBATEIbCKUIT
ueHtp, Yuusepcuter Apwousi, (M3pawmns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261

«H3Bectust POO «<HAH PK». Cepusi reo/1oruy M1 TeXHHYECKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobctBennuk: Pecrybnikanckoe oodiecTBeHHOe o0benHenne «HarronanpHas akagemus Hayk PecryOnuku
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CBUJIETEIECTBO O IIOCTAHOBKE HA YydYeT IIEPHOAMYECKOro IredaTHoro u3fgaHus B Komurere wnHbOpManmu
MumnuncteperBa HHbOpManuK U oOUIeCTBeHHOro pas3BuTusi PecnyOmuku Kaszaxcran Ne KZ39VPY00025420,
BbIanHoOe 29.07.2020 .
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EDITOR-IN-CHIEF

ZHURINOV Murat Zhurinovich , Doctor of Chemical Sciences, Professor, Academician of NAS RK,
President of National Academy of Sciences of the Republic of Kazakhstan, RPA, General Director of JSC "
D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry " (Almaty, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

DEPUTY EDITOR-IN-CHIEF

ABSADIKOV Bakhyt Narikbaevich, Doctor of Technical Sciences, Professor, Academician of NAS RK,
A.B. Bekturov Institute of Chemical Sciences (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

EDITORIAL BOARD:

ABSAMETOV Malis Kudysovich, (Deputy Editor-in-Chief), Doctor of Geological and Mineralogical
Sciences, Professor, Academician of NAS RK, Director of the Akhmedsafin Institute of Hydrogeology and
Geoecology (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=56955769200, https://
www.webofscience.com/wos/author/record/1937883

ZHOLTAEYV Geroy Zholtaevich, Doctor of Geological and Mineralogical Sciences, Professor, Honorary
Academicianof NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

SNOW Daniel, PhD, Associate Professor, Director, Aquatic Sciences Laboratory , University of Nebraska
(Nebraska, USA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https://www.webofscience.
com/wos/author/record/1429613

SELTMANN Reimar, PhD, Head of Petrology and Mineral Deposits Research in the Earth Sciences
Department, Natural History Museum (London, England), https://www.scopus.com/authid/detail.
uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/1048681

PANFILOV Mikhail Borisovich, Doctor of Technical Sciences, Professor at the University of Nancy
(Nancy, France), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.
com/wos/author/record/1230499

SHEN Ping, PhD, Deputy Director of the Mining Geology Committee of the Chinese Geological Society,
Member of the American Association of Economic Geologists (Beijing, China), https://www.scopus.com/authid/
detail.uri?authorld=57202873965 , https://www.webofscience.com/wos/author/record/1753209

FISCHER Axel, PhD, Associate Professor, Technical University of Dresden (Dresden, Berlin), https:/www.
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Jay Sagin, PhD, Associate Professor, Nazarbayev University (Astana, Kazakhstan), https://www.scopus.com/
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NURPEISOVA Marzhan Baysanovna — Doctor of Technical Sciences, Professor of Satbayev University,
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Abstract: Relevance. The mining industry is one of the most effective and
economically profitable industries. The complication of mining conditions
associated with the development of northern territories requires the reliability
of the equipment used. The problem of ensuring the performance of the main
components of excavators operating in the zone of permafrost soils is not new, but
remains relevant to date. Objective. The aim of the work is to develop scientifically
grounded recommendations allowing mining companies to increase the service
life of excavator bucket teeth used in difficult conditions of northern territories.
Methods. The paper analyses the causes of excavator bucket teeth destruction,
based on which it was established that it is the quality of tooth crown casting that
determines the further serviceability of the part. Results and conclusions. The
analysis has shown that dendrite boundaries, which are areas with inhomogeneous
chemical composition formed in the process of metal crystallisation, are weak
points in the material structure of excavator teeth crowns. The cumulative effect of
defects during operation, especially in conditions of perennially frozen soils, where
loads on teeth are increased due to the strength of frozen rocks, leads to premature
failure of excavator bucket crowns. Improvement of casting quality and application
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of properly selected heat treatment will contribute to a significant increase in the
serviceability of mining tools.

Keywords: cast alloy steel; wear resistance, casting defects, microstructure,
hardness, tooth crown, excavator bucket.
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AHHoTanms. Ozexminiei. Tay-keH oHEpKaCciOl €H THIMIII KoHE YKOHOMHKAIBIK
KaFblHaH YHeM/1 cananapabiH 0ipi. ConTycTik ayMakTapAbl UTepyMeH OaiIaHbICThI
Tay-KeH JKYMBICTAapbIHbIH KYpAEIeHy1 NaijalaHbuIaThIH 5Ka0IbIKThIH CeHIMAUTITIH
Tajan eTe/i. MoHri My3/1bl TOITBIPaK aiiMaFbIH 12 )KYMBIC ICTEHTiH SKCKaBaTOPIapIbIH
HETi3ri KOMIIOHEHTTEPIHIH JKYMBICBIH KaMTaMachl3 €Ty KOpJAalaHFaH opi OyriHri
KYHTe IeHiH 03eKTi 00 Kana oepeni. Maxcamuol. JKYMBICTBIH MaKcaTbl Tay-KeH
KOMITAaHHSUTapbIHA CONTYCTIK ayMaKTap/IbIH KHbIH JKaFAaiiapblHIa KOJIAaHbBUIATEIH
AKCKaBaTOp IIENEKTEPiHiH TICTEPiHIH KBI3MET €Ty MEp3iMiH y3apTyFa MYMKIiHJIK
OepeTiH FBUIBIMH HETI3[ENTeH YCBIHBICTApABl o3ipiey. Odicmepi. Makanana
9KCKaBaTOp WIENeTiHAeri TicTepAiH Oy3blly cebenTepi TanjaHaIbl, COHBIH
HET13iH1e OOJIIICKTIH O/laH dpi KYMBICKA KapaMIbUIBIFbIH aHBIKTAUTBIH TIC TKIH
KYIO camachl eKeHi aHBIKTanmbl. Homuowenep men Kopvimwinovinap. Tamnay
KOPCETKEHJIeW, MeTalll KpUCTANJaHy TMpoIeciHae Ty3uieTiH OipTekTi emec
XAMHSIIBIK KypaMbl Oap aiimakTap OONbIl TaOBUIATBIH JCHAPHUT IIeKapasapbl
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OKCKaBaTop TICTEPIHIH TOXKIEPIHIH MaTepHalIbIK KYPBUIBIMBIHIAFBI  OJICI3
HYKTelnep 0ok Tabbutapl. AKyMBIC Ke3iHIer akaylapIblH KyMYJISITHBTIK ocepi,
ocipece My3aThIIFaH KBIHBICTAP/IBIH OEpIKTiriHe OaHITaHBICTHI TiCTEPTe KYKTEME
KYIIEHEeTIH KOIDKBUIABIK MY3IAaThUIFaH TOINBIPAKTAp >KarJaibIHIa, KCKaBaToOp
IIeNIEKTEPiHIH TOXKASPIHIH Mep3iMiHeH OYpBIH iCTE€H MIBIFybIHA okeieni. Kyro
carachlH JKaKcapTy oHE TYPhIC TaHAAJIFaH TEPMUSUTBIK OHICY/l KOJIaHy Tay-KeH
KYpaJIapbIHBIH JKapaMIbUTBIFBIH €0yip apTThIpYFa BIKIAJ eTeIl.

Tyiiin ce3mep: nerupieHreH Oonar; TO3yFa TO3IMAIUIIK, KYIO aKayllapel,
MHKPOKYPBUIBIM, KaTTBUIBIK, TiC TOXI, IKCKaBaTOP IIEJIET].
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AnHortamus. AxkmyanroHocms. K oqHON 13 caMbIX () PEKTUBHBIX 1 IKOHOMUYIECKH
peHTa0EIbHBIX OTpaciiell OTHOCHTCS TOPHONOOBIBAIOIIAS MPOMBIIUICHHOCTD.
VYenoxkHeHne — ycnoBMH — JOOBIYM, CBSI3aHHOE, C OCBOGHHEM  CEBEPHBIX
TEPPUTOPHi, TpeOyeT oOecriedeHns] Hale)KHOCTU MPUMEHSIEMOro 000pyI0BaHHSL.
[Ipobnema obecrieueHnss pabOTOCIIOCOOHOCTH OCHOBHBIX Y3JIOB 3KCKaBaTOPOB,
9KCITYyaTUPYEMBIX B 30HE MHOTOJIETHEMEP3JIbIX IPYHTOB HE HOBasi, HO ocTaéres
aKTyaJbHOH 110 HACTOSILEro BpEeMEHHW. OKCKaBallusl MOPOA B 3THUX PETHOHAX
3aTpy/AHEHA MOBBIIEHHON MPOYHOCTHIO ITOPOJ 3a CUET JIEOBOTO CMEP3aHHsI KYCKOB
MOPOABI MOCJE BCKPBIIIHBIX paboT U TpeOyeT HOBOTO MOAXOAA K MPOU3BOACTBY
OBICTPOCMEHHOTO MHCTPYMEHTa KOBILIEH 3KCKAaBaTOPOB W IOTPY3UMKOB. L[ens.
Lenp paboTel cOCTOMT B TOM, 4TOOBI pa3paboraTb HaydHO OOOCHOBAHHBIC
PEKOMEHAAINH, TIO3BOJISIOIINE TOPHOJOOBIBAIOIINM KOMIIAHUSAM YBEIHUUTDH CPOK
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CIyObl 3yObeB KOBILEH JKCKABATOPOB, HCIONB3YEMBIX B CIOXHBIX YCIOBHSIX
CEBEPHBIX TeppUTOpUid. Memooul. B pabore npoBe/ieH aHAJIN3 IPUYXH Pa3pyIICHUS
3yOBEeB KOBIIEH IKCKaBATOPOB, HA OCHOBAHWH KOTOPOT'O YCTAHOBJICHO, YTO HIMEHHO
Ka4eCTBO JINThsI KOPOHOK 3yOBEB OMPEICISIeT MaTbHEUITYI0 paboTOCTIOCOOHOCTh
neranu. Pezyromambl u 6616006l [IpOBeEHHBIN aHATH3 MMOKA3all, YTO TPAHHUIIBI
JCHIPUTOB, TMPEICTABISIIONME COOOW 00NACTH C HEOJIHOPOJHBIM XHMHUYECKUM
cocTaBoM, (OPMHUPYIONIHECS B MPOIECCe KPUCTAJUTU3AIMHA METAllIa, SBISIOTCS
crnabbIMM MECTaMH B CTPYKType Marepuajga KOPOHOK 3yObeB JKCKaBaTopa.
CoBokyrnHOE BIHUsHHE Je(EKTOB B TMPOLECCe HKCIUTyaTallul, OCOOCHHO B
YCIOBUAX MHOTI'OJICTHEMCP3JILIX I'PYHTOB, I'I€ HArpy3Knu Ha 3YGB$I IIOBBIIIICHBI U3-
3a MPOYHOCTH CMEP3IINXCS TIOPOJl, IPUBOAUT K MPEKICBPEMECHHOMY BBIXOAY U3
CTpOsi KOPOHOK KOBIIIEH DKCKaBaTOpoB. TakuM 00pa3oM, MOBBIINICHUE KadecTBa
JUThs, HAMpPABICHHOC Ha CHIDKCHHE KOJIMYECTBA W Pa3MEPOB YKa3aHHBIX
ne(eKToB, ¥ MPUMEHEHHE TIPABUIILHO MO00PaHHON OKOHYATEILHONW TEPMUIECKON
00pabOTKH, KOTOpas MO3BOJHUT IOBBICUTH MPOYHOCTH W BS3KOCTh METalIa,
OyneT crnocoOCTBOBaTh CYIIECTBEHHOMY IMOBBIIICHHIO Pa0OTOCIIOCOOHOCTH
TOPHO00BIBAIONIETO HHCTPYMEHTA, CHIKAS PUCK Pa3pyIICHHS H YBEIINIHUBAs CPOK
€ro CITyXKOBI.

KioueBble ciioBa: JuTasi JISTUPOBAHHAS CTallb, H3HOCOCTOUKOCTD, Je(HEKTHI
OTJIUBKH, MUKPOCTPYKTYpa, TBEPAOCTh, KOPOHKA 3y0a, KOBIII IKCKaBaTOPa

Introduction. Hard rock quarrying is the most efficient method of mineral
extraction (Litvinenko, 2022; Kazanin, 2020; Teplyakova, 2022). Hard rock
is extracted by excavation with wear-resistant tools (Zubov, 2022). The smooth
operation of mining tools is largely determined by the wear resistance of bucket
teeth and their crowns (Sudarikov, 2022).

The best known wear-resistant steel with durability under friction, pressure and
impact is steel 110G13L (Gadfield steel) (Bolobov, 2022), which has an increase in
strength and wear resistance with increasing degree of deformation (Sekhar, 2023;
Miladinov, 2023), however, as shown by studies (Bolobov, 2022; Prysyazhnyuk,
2022; Pobegailo, 2021) in the operation of bucket crowns and teeth, cutting tools
made of steel 110G13L do not have sufficient serviceability (Yungmeyster, 2022;
Klevtsov, 2023; Turdiyev, 2022). Nowadays, carbon and alloy steels and cast
irons are used for manufacturing of teeth of excavator buckets and crowns. When
excavating highly abrasive rocks after their drilling and blasting, the teeth and
crowns of excavator buckets are operated under extreme conditions of abrasive
wear (Kondratenko, 2020), which leads to their rapid failure. Therefore, increasing
the efficiency of teeth and crowns of mining excavators is an urgent task.

As shown in (Nasonov, 2020), the leading factor determining the serviceability
of teeth and crowns is the quality of casting and stability of the microstructure of the
cast material. In this regard, there is a problem of improving the quality of cast parts,
which is especially important for highly non-equilibrium structures of castings of
bucket mining excavators. Cast steel of teeth and crowns of the excavator bucket has
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an inherently defective microstructure in the form of micropores, sinks and cracks,
as well as a high level of chemical heterogeneity - liquation and segregation of basic
alloying and impurity elements, large irregular primary grains (Widder, 2023). The
authors of many works, including (Kazakov, 2014; Mishnev, S.V.; Galata, 2023),
analyzed the causes of tooth and crown fracture and showed that the foci of fracture,
in most cases, are casting defects - sinks, failures and macrocracks, contaminated
grain boundaries, enriched with impurity elements with low resistance to brittle
fracture. The physical nature of such defects is different and is caused by both
improperly selected melting, casting and heat treatment modes and unsatisfactory
properties of the charge material used. Analysis of studies by a number of authors,
including (Maksarov, 2021; Ivanov, 2020), has shown that the quality of the cast
microstructure of the material determines its properties, hence, this factor affects
tooth wear. At present, most of the works aimed at the development of methods
to improve the serviceability of teeth are devoted to the study of the wear process
itself, the data on the study of the structure and the influence of material quality
on the wear resistance of teeth and crowns of excavator are practically absent. The
purpose of this work is to study teeth and crowns of excavator buckets after long-
term operation in order to find out the reasons for their accelerated failure.

Methods and materials.

Four post-use crowns were provided for the study: a Cat 391 (ESCO 65SV2AG)
excavator crown; a VOLVO 350 crown; a Cat 988 (CAT 467-9815) crown; and
an EKG-10M crown. The appearance of the crowns is shown in Figure 1. The
chemical composition of the material was determined using the Iskroline-100
emission spectrometer according to GOST 54153-2010. Hardness measurements
were carried out on hardness tester TR 5006 Ne85 according to GOST 9013-
59. Metallographic studies of samples were carried out with the help of optical
microscope Reichert-Jung at magnification X500 and microhardness measuring
device MICRO-DUROMAT 4000E according to GOST 9450-76, Vickers method
with a load of 180 g (HV ). A 3% solution of nitric acid (HNO3) in alcohol
was used to reveal the metal microstructure of the samples. The wear surface
and microstructure were studied using a SUPRA 55VP WDS scanning electron
microscope with X-ray spectral analysis attachment.

ljpp-mpm

i
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Fig. 1. Initial view of crowns, after long-term operation at ore deposits located in the zone of
permafrost soils: a - Cat 991k
(ESCO 65SV2AG); b - VOLVO 350; ¢ - Cat 988 (CAT 467-9815); d - EKG-10M

Samples were cut from the original crowns in the working part of the tooth,
in the core and in the lower part of the edge. All the crowns examined were not
fractured; there are longitudinal risks on the outside from wear during prolonged
use.

Discussion of the results.

According to the results of research of chemical composition of samples, it was
found that the composition of CAT crowns does not correspond to the steel foundry
steel according to GOST 977 between 23HGC2MFL and 30H3S3GML, which are
among the cold-resistant and wear-resistant steels (tab. 1).

Table 1. Chemical composition of steel of crown samples

Chemical elements, mass.%
C Si Mn Cr Mo Ti S P
CAT 391k 0,314 >272 1,56 0,54 0,33 0,035 0,0028 0,024
CAT 988 0,287 2,17 1,76 0,54 0,21 0,036 0,0027 0,020
Volvo 350 0,295 1,5 1,16 2,07 0,36 0,039 0,0081 0,028
EKG-10M 0,325 0,81 1,07 1,34 0,198 0,026 0,016 0,016

Material

As aresult of determination of chemical composition it was found that the Volvo
350 crown is a casting steel of close type 23HGC2MFL. The steel of the EKG-
10M crown is a close type of steel 35SHGSL. Metallographic analysis of the crown
samples showed that there are numerous defects in the metal (Fig. 2).

" aCAT 391K b CAT 391K "¢ CAT 988
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Fig. 2. Casting defects in dental crowns CAT 391K (a, b); CAT 988 (c, d); ECG-10M (e, f)

The analysis of microstructures presented in Figures 2 and 3 revealed the presence
of characteristic defects significantly affecting the serviceability of the tooth crowns
of mining excavators. Figure 2 clearly shows large interdendritic pores, which are
a typical defect of foundry origin. These pores, formed in the process of metal
crystallisation, are located between the dendritic branches, forming areas of weakened
structure. The appearance of these pores is associated with metal shrinkage during
solidification, as well as with insufficient supply of liquid melt into the interdendritic
intervals, which leads to the formation of voids. The presence of large interdendritic
pores creates significant stress concentrators, which under the influence of working
loads can initiate the propagation of cracks, contributing to the destruction of the
material. The observed pores have a variety of shapes and sizes, which also indicates
unstable conditions of melt solidification. The variety of pore shapes may be due to
various factors such as uneven temperature distribution, inadequate degassing and
sub-optimal sprue system. In addition to the interdendritic pores, Figure 3 shows
the different nature of the cracks. A closer look at the structure reveals that some
of them were formed as a result of hot cracking that occurred at the crystallisation
stage of the metal. Hot cracking, as a rule, occurs at high temperatures, when the
metal is in the so-called ‘brittle’ state, in the temperature range between solidus and
eutectic transformation temperature, at which the alloy exhibits minimum ductility.
Thermal stresses arising during shrinkage and solidification of the metal lead to the
formation of intergranular cracks, which, as a rule, have characteristic oxidised and
wide-open shores. Oxidation of hot crack edges occurs due to the exposure of freshly
formed crack surfaces to atmospheric oxygen at high temperature. This suggests
that this type of defect is formed directly during the casting process. In addition
to cracks of crystallisation origin, fatigue-type cracks are also present in Figure 3.
Their appearance is associated with cyclic loads that occur during the operation of
the crown. Fatigue cracks tend to originate at stress concentration points such as
corners, grain boundaries and in the area of casting defects. They propagate along
grain boundaries and slip planes, contributing to material failure. This type of crack
differs from crystallisation cracks in that they have a small opening and are virtually
immune to oxidation. This is due to lower temperatures and other conditions of their
formation. The presence of fatigue cracks indicates that the material was subjected
to cyclic loads, which contribute to the gradual accumulation of damage and the
formation of cracks, leading to premature failure of the crown. Thus, the analysis of
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microstructures presented in Figures 2 and 3 indicates the presence of both foundry
defects and operational damage, which together significantly reduce the strength and
durability of the tooth crowns of quarry excavators.

Fig. 3. Electronic images of cracks in the crown metal: a - cold and hot parts of the crack;
b - area where the crack develops due to casting defects; ¢ - oxidized areas of the hot crack and
operational crack

A detailed analysis of the data presented in Figure 4 and Table 2 allows a deeper
understanding of the nature of defects and the heterogeneity of material properties in
the tooth crowns of quarry excavators. Figure 4 shows the results of the micro-X-ray
spectral analysis carried out in the area of the cracks, which confirms the foundry
nature of their origin. This analysis revealed differences in chemical composition
between the base metal of the crown and the hot crack area. The base metal, shown in
Figure 4, is characterised by the presence of iron, chromium and manganese, typical
components of the alloy steel used for crowns. However, a significant enrichment
of elements such as aluminium, magnesium, silicon, calcium and titanium is found
in the hot crack zone, as can be seen in Figure 4. These elements are characteristic
components of non-metallic inclusions that are formed during the process of metal
crystallisation from the melt. The appearance of these elements in the crack zone
indicates that they have been released as oxide and other non-metallic inclusions
during the casting process and tend to concentrate in the interdendritic space regions.
Thus, the results of the micro-X-ray spectral analysis in Figure 4 suggest that hot
cracks are associated with inhomogeneity of chemical composition and with the
formation of non-metallic inclusions during the casting process. The presence
of these inclusions favours the occurrence of local stress concentrators, which, in
turn, initiate crack initiation. Turning to Table 2, it is worth noting that it contains
data on the hardness of the crown material obtained by macro- and microhardness
measurements. The results of macro-hardness measurements presented in Table 2
show that the Rockwell hardness (HRC) values for different crown samples are in
the range of 45-51 HRC. At the same time, if we consider the microhardness results,
it can be observed that the microhardness values measured by the Vickers method
have some difference in different parts of the structure, namely between the areas
with better and worse etching. Table 2 shows that the microhardness of the regions
with the best etching (dendritic regions) is on average higher than the microhardness
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of the regions with the worst etching (interdendritic regions). This fact indicates the
heterogeneity of material properties at the microscale, and confirms that dendritic
and interdendritic regions differ in their composition and structure. In particular,
the interdendritic regions, which are characterised by the presence of inclusions
and liquation formations, have lower hardness compared to the dendritic regions. It
should be emphasised, however, that Table 2 does not indicate the specific location
on the specimen where the macrohardness measurements were made. In other words,
when macrohardness is measured at a single point, the values are averaged over
a specific area. Consequently, it is not always correct to rely on macrohardness
results to estimate the hardness of the crown material. Analysis of the data in Table
2, combined with the data on microstructure and chemical composition (Figure 4),
shows that uneven distribution of microhardness associated with inhomogeneity of
structure and chemical composition contributes to accelerated wear and failure of
crowns. Thus, the results presented in Figure 4 and Table 2 confirm the presence
of both macroscopic and microscopic heterogeneity of crown material properties,
which significantly affect their performance characteristics.

crack

a) CAT 391K b) CAT 988

d) EKG-10M

Fig. 5. Microstructure of the studied samples CAT 391K (a); CAT 988 (b); Volvo 350 (c); ECG-10M
(d) (x200)

Analysis of the microstructure presented in Figure 5 reveals the peculiarities of
the structure of the tooth crown metal of quarry excavators. As can be seen from
the presented images, the microstructure is non-equilibrium and consists mainly of
hardened martensite. Martensite is known to be a product of austenite transformation
during rapid cooling, which indicates the heat treatment to which the crowns were
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subjected. The different degree of etching of the microstructure sections, which
can be observed in Figure 5, indicates the inhomogeneity of the composition and
stress state of the metal. At the same time on the presented microphotographs clearly
observed areas with different etchability, which have a different degree of contrast.
These areas can be visually divided into ‘light’ areas with weaker etching and ‘dark’
areas with more intense etching. Further analysis of microstructures showed that the
‘light’ areas correspond to the interdendritic regions of the cast structure, in which
a large number of non-metallic inclusions and liquation formations are present. In
turn, the ‘dark’ regions correspond to dendritic areas that have a more homogeneous
composition and structure. Microhardness measurements performed on the ‘light’
and ‘dark’ areas showed that the microhardness of the ‘light’ areas, with weaker
etchability, is generally lower than the microhardness of the ‘dark’ areas, which have
a pronounced structure. This indicates that the ‘light-coloured’ areas have lower
strength and hardness, and therefore have lower resistance to wear and fracture. In
Figure 5, in addition to the non-equilibrium martensitic structure and differences
in etchability, the presence of large defects of foundry origin can also be observed.
The defects observed in Figure 5 are a confirmation of the results of metallographic
studies. Thus, the microphotographs clearly show signs of hot and cold cracks, which
have different mechanisms of formation. Hot cracks, as noted earlier, occur during
crystallisation, in the brittle temperature range, at which the alloy loses plasticity. As
can be seen from the micrographs in Figure 5, these cracks are irregularly shaped and
often have a branched structure, which is characteristic of hot cracks arising under
the action of thermomechanical stresses. Cold cracks, on the other hand, occur at
lower temperatures and are often associated with stress concentrations near defects or
grain boundaries. They are more rectilinear in shape and usually have no branching,
which is a distinctive feature of this type of crack. Also observed in micrographs is
the presence of pores, which are voids in the metal formed due to shrinkage of the
metal during solidification. The presence of these pores and cracks in the structure
of crowns, confirmed by the data of microstructural analysis presented in Figure
5, indicates that they serve as stress concentrators, which contributes to the rapid
propagation of cracks and failure of crowns during operation. Thus, the analysis
of microstructures presented in Figure 5 confirms the presence of non-equilibrium
martensitic structure, inhomogeneity of etchability, as well as the presence of defects
of foundry origin, which together have a negative impact on the performance of
crowns of teeth of mining excavators.

Table 2. Hardness values of samples

Ob6pazer Hardness, HRC Microhardness, HVOY1 c
1 2 3 medium area of poor area with good etching
etching
Cat-391 49 50 50 50 57 60
Cat 988 50 51 49 50 55 59
Volvo -350 45 46 45 45 53 56
EKG-10M 51 49 49 50 52 46
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The mechanism of formation of hot cracks is as follows: at casting temperatures
below the yield point, a crystalline framework is formed and the alloy becomes
brittle. Begins to contract, losing its ability to flow like a liquid and gaining some
strength. The resulting stresses reach the tensile strength of the alloy, resulting in the
formation of cracks in the casting. Further development of the crack occurs by fatigue
mechanism, which leads to accelerated fracture and failure of mining excavator
bucket teeth, which is the cause of accelerated failure. It was found that molybdenum,
titanium and other refractory elements, which are introduced into steel to improve
crack resistance hot cracks, which prevent the growth of grains and the formation of
harmful impurities in the base metal, are in large carbide inclusions, not associated
with the matrix, and almost completely absent from the solid solution. It was found
that the control of the standard method of macrohardness measurement averages
the result and does not provide an objective picture of the hardness distribution, so
there was a need for additional studies to measure the microhardness of the material.
The use of this method provides information on the equilibrium of the structure.
The microhardness results showed that there are areas with different microhardness,
i.e. different properties predominate in the material. Different hardness is observed
in the dendritic and interdendritic space. The hardness is higher in the dendrites
and it is lower in the interdendritic space. It is known that wear and hardness are
interrelated processes. In the areas with lower hardness (interdendritic spaces) wear
occurs faster. Thus, the main reason for accelerated failure of excavator teeth is the
superimposition of various microstructural defects associated with imbalance of
metal microstructure and imperfection of casting process technology. Consequently,
to improve the efficiency, it is not only necessary to improve the casting quality, but
it is also necessary to either change the cooling mode to equalize the structure or heat
treatment to equalize the structure.

Conclusion.

The conducted research allowed establishing that the serviceability of the tooth
crowns of quarry excavators is determined by the peculiarity of the initial cast
structure and the presence of defects of casting origin. Metallographic analysis
revealed typical casting defects, which are characteristic of large castings. Casting
defects, in particular cracks, lead to accelerated destruction and failure of excavator
bucket crowns. However, along with typical defects, microstructure heterogeneity
was found, differing in chemical composition and hardness. Such heterogeneity
is associated with the dendritic structure of the initial cast billet. In the process
of analyzing the working surface of the crowns, areas of increased and decreased
hardness were found, with the areas of decreased hardness wearing faster.

Harder micro-volumes of metal are chipping away from the working surface of
the crowns and softer areas are wearing faster. Thus, the results of the work showed
that in order to ensure the serviceability of the bucket crown of mining excavators,
it is necessary to improve the quality of casting and optimize the heat treatment of
castings to align the structure throughout the castings.

69



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

References

Bolobov, V.I., Akhmerov, E.V., Rakitin, I.V. (2022) Influence of rock type on wear patterns of
excavator bucket tooth crowns, Mining Informational and analytical Bulletin, 6-2:189-204. DOI: 10.
25018/0236_1493 2022 62 0 189

Galata, L.A., Ermakov, B.S., Kancev, R.G., Karzina, J.S. (2023) The Influence of Microstructure
Quality on the Efficiency of Bucket Teeth of Career Excavators, Key Engineering Materials, 941:
107-112. DOI: 10.4028/p-m50d44

Ivanov, S.L., Ivanova, P.V., Kuvshinkin, S.Yu. (2020) Estimation of operating time of quarry
excavators of perspective model range in real operating conditions, Journal of Mining Institute, 242:
228-233. DOI: 10.31897/pmi.2020.2.228

Kazakov, A.A., Lyubochko, D.A., Ryaboshuk, S.V., Chigintsev, L.S. (2014) Investigation of the
nature of non-metallic inclusions in steel using an automatic particle analyser, Non-ferrous Metals -
Ferrous Metals, 4: 85-90.

Kazanin, O.1., & Ilinets, A.A. (2022) Ensuring the excavation workings stability when developing
excavation sites of flat-lying coal seams by three workings. Journal of Mining Institute, 253(1): 41-48.
DOI: 10.31897/PM1.2022.1

Klevtsov, V.A., Timofeev, D.Y., Khalimonenko, A.D. (2023) Improved Design of Manufacturing
Processes for Mining Machines. Basing Concepts, Russian Engineering Research, 43(11): 1367-
1375. DOI: 10.3103/S1068798X23110151

Kondratenko, A.S. (2020) Technological aspects of cased wells construction with cyclical-flow
transportation of rock, Journal of Mining Institute, 246: 610-616. DOI: 10.31897/PM1.2020.6.2

Litvinenko, V. (2020) Foreword: Sixty-year Russian history of Antarctic sub-glacial lake
exploration and Arctic natural resource development, Geochemistry, 80(3): 125652. DOI: 10.1016/].
chemer.2020.125652.

Maksarov, V.V., Khalimonenko, A.D., Olt, J. (2021) Improvement of efficiency of metal recycling
in metallurgical production, Chernye Metally, 3: 45-51. DOI: 10.17580/chm.2021.03.08

Miladinov, M., Sedmak, S., Djordjevic, B., Sedmak, A., Vucetic, F., Milivojevic, A. (2023)
Repairing of cracks on tooth gear ring of a bucket-wheel excavator, Procedia Structural Integrity 48:
27-32. DOI: 10.1016/j.prostr.2023.07.106

Mishnev, S.V., Berezyuk, V.G., Kuzembayev, S.B., Sikhimbayev, M.R., Absadykov, B.N.,
Dementeva, 1.S. (2020) Influence of the geometric shape of the mold on the cast billet structure for
forming processes, News of The National Academy of Sciences of The Republic of Kazakhstan.
Series of Geology and Technical Sciences, 1: 114 — 121 DOI: 10.32014/2020.2518-170X.14

Nasonov, M.Y., Lykov, Yu, V.V., Chong, D.D. (2020) Research of service life and durability of
metal structures of excavators after expiry of service life, Ugol, 2: 13-17. DOI: 10.18796/0041-5790-
2020-2-13-17

Pobegailo, P.A., Kritskiy, D.Yu., Gilmashina, T.R. (2021) Wear of elements of quarry excavators:
analysis of the current state of the problem, Mining Informational and analytical Bulletin 2: 64-74.
DOI: 10.25018/0236-1493-2021-2-0-64-74

Prysyazhnyuk, P., Ivanov, O., Matvienkiv, O., Marynenko, S., Korol, O., Koval, 1. (2022) Impact
and abrasion wear resistance of the hardfacings based on high-manganese steel reinforced with
multicomponent carbides of Ti-Nb-Mo-V-C system, Procedia Structural Integrity, 36: 130-136. Doi:
10.1016/j.prostr.2022.01.014.

Sekhar, B., Long, F., Sikandar, A., Shimin, L. (2023) Advances in coal mining technology and
sustainable mining techniques, Woodhead Publishing Series in Energy, 1: 263-321. DOI: 10.1016/
B978-0-12-824328-2.00011-X

Sudarikov, S.M., Yungmeister, D.A., Korolev, R.I., Petrov, V.A. (2022) On the possibility of
reducing man-made burden on benthic biotic communities when mining solid minerals using technical
means of various designs, Journal of Mining Institute 253: 82-96. DOI: 10.31897/PM1.2022.14

Teplyakova, A.V., Zhukov, I.A., Martyushev, N.V. (2022) Application of drilling machines with
impact cam mechanism in various mining and geological conditions, Sustainable Development of
Mountain Territories, 14(3): 501-511. DOI: 10.21177/1998-4502-2022-14-3-501-511

70



ISSN 2224-5278 1.2025

Turdiyev, S., Djuraev, R. (2022) Experimental results on the effectiveness of an improved
excavator bucket tooth design, The American Journal of Engineering and Technology, 4(03): 1-13.
DOLI: 10.37547/tajet/Volume04Issue03-01

Widder, L., Rojacz, H., Adam, K., Kuttner, A., Varga, M. (2023) Abrasive wear protection in
material handling: Mechanism-based combination of lab-experiments for optimal material selection,
Wear, 530-531: 204979. DOI: 10.1016/j.wear.2023.204979

Yungmeyster, D.A., Isaev, A.L,, Gasymov, E.E. (2022) Substantiation of dth air drill hammer
parameters for penetration rate adjustment using air flow, Gornyi Zhurnal, 7: 72-77. DOI: 10.17580/
2zh.2022.07.12

Zubov, V.P,, Phuc, L.Q. (2022) Development of resource-saving technology for excavation of flat-
lying coal seams with tight roof rocks (on the example of the quang ninh coal basin mines), Journal of
Mining Institute, 257: 795-806. DOI: 10.31897/PM1.2022.72

71



ISSN 2224-5278 1.2025

CONTENTS

Zh.M. Aitulova, B.O. Yessimov, T.A. Adyrbaeva, E.S. Dubinina,

ML.E. Kurbanbayev

SYNTHESIS OF IMPORT-SUBSTITUTING BLUE ULTRAMARINE BASED
ON MINERAL RAW MATERIALS FROM UNIQUE DOMESTIC

DEPOSITS ..ottt ettt sttt et et e b e sbessbeesseesseesseesseesssennns 6

M.R. Aktayev, L. Akbayeva, Y. Pangaliyev, N.A. Baubek

RESEARCH OF THE CHARACTERISTICS OF UNDERGROUND AND
SURFACE POLLUTION OF LAKE KISHKENSOR ON THE TERRITORY

OF THE SEMIPALATINSK TEST SITE......cccciiiiiiiiiiiieeieeeeeeieeeeene 19

G.Zh. Bulekbayeva, O.G. Kikvidze, A.U. Tabylov, A.Z. Bukayeva,

N.B. Suyeuova

DEVELOPMENT OF A METHOD FOR CALCULATING THE ONE-
DIMENSIONAL PROBLEM OF PLASTIC DEFORMATION OF THE
DEPOSITED LAYER DURING THE RESTORATION OF FLAT SURFACES
OF PARTS ..ottt sttt sttt st staestaestaestsessaessaessaessaenseennns 34

Y.G. Gilazhov, M.Z. Muldakhmetov, A.Sh. Kanbetov, D.K. Kulbatyrov,
E.B. Zhunussova
STRENGTHENING OF SOILS BASED ON OILED SOIL........cccoovvveeeieennne.. 47

B.S. Ermakov, O.V. Shvetsov, S.B. Ermakov, S.A. Vologzhanina
INVESTIGATION OF THE INFLUENCE OF CAST MICROSTRUCTURE ON
THE OPERABILITY OF THE CROWN OF A QUARRY EXCAVATOR........... 59

Y.Kh. Kakimzhanov, K.T. Kyrgyzbay, S.M. Zhumatayev, T.A. Bazarbayeva,
G.T. Kunypiyaeva

ASSESSMENT OF SOIL CONTAMINATION OF THE WEST KAZAKHSTAN
REGION WITH HEAVY METALS AS A RESULT OF INDUSTRIAL
ACTIVITY ot 72

K.Ye. Kaliyeva, Ye.D. Zhaparkulova, A.R. Vagapova, M.S. Nabiollina,

L.M. Ryskulbekova

THE INFLUENCE OF CLIMATIC AND ANTHROPOGENIC FACTORS

ON THE HYDROLOGICAL REGIME OF THE BASINS OF THE

SHU-TALAS RIVERS ...ttt 91



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

0O.A. Kolenchukov, V.A. Fayfer, V.V. Bukhtoyarov

PREDICTION OF THE REMAINING SERVICE LIFE OF PUMPING UNIT
ELEMENTS BASED ON REGULARIZATION OF RECURRENT NEURAL
NETWORKS. ...ttt 107

A.M. Mikayilov, F.M. Jafarova, A.Z. Hajiyeva
THE GROUPING OF MILL LANDSCAPES BY DESERTIFICATION
FACTORS AND RISKS.....ooiiiiiiieeee e 128

L.M. Mustafa, I.LK. Ablakatov, B.M. Baiserikov, M.B. Ismailov,

V.R. Zhumakanova

RESEARCH ON ARMOR STEEL TECHNOLOGY AND WAYS TO IMPROVE
ITS MECHANICAL PROPERTIES........cooiiiiiiieeee e 140

M. Nurpeisova, O. Kurmanbaev, Zh. Turegaliyeva, Zh. Nukarbekova,
O.Baiturbay

INNOVATIVE TECHNOLOGIES IN THE URBAN PLANNING

CADASTRE. ...ttt 155

Ya.N. Parshakova, A.O. Ivantsov
DEVELOPMENT OF A METHOD OF WATER TREATMENT IN THE
PROCESS OF PREPARATION FOR UTILISATION OF PRODUCTION

B.T. Ratov, V.L. Khomenko, Z.G. Utepov, Ye.A. Koroviaka, A.A. Seidaliyev
BLADE BIT DRILLING IN KAZAKHSTAN: ACHIEVED RESULTS,
UNRESOLVED ISSUES. ..ottt 182

G.K. Umirova, E.M. Toleubekov, S.K. Muratova, A.K. Isagalieva,

Z.N. Ablesenova

THE EFFICIENCY OF A COMPLEX OF GEOPHYSICAL METHODS

BY EXAMPLE OF THE ATASU ORE DISTRICT.......cccccovviiiiieiieeeeeeee 202

0.G. Khayitov, L.S. Saidova, A.A. Umirzokov, M.A. Mutalova,

N.M. Askarova

RATIONAL TECHNOLOGICAL SCHEME FOR TRANSPORTING ROCK
MASS FROM DEEP QUARRY.......cooiiiieieieiteeesteeeeee et 218

230



Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of
Kazakhstan implies that the described work has not been published previously (except in
the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier.com/postingpolicy), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or explicitly
by the responsible authorities where the work was carried out, and that, if accepted, it will
not be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. In particular, translations
into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The National
Academy of Sciences of the Republic of Kazakhstan follows the Code of Conduct of the
Committee on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving
Cases of Suspected Misconduct (http://publicationethics.org/files/u2/New_Code.pdf). To
verify originality, your article may be checked by the Cross Check originality detection
service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper
should have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant
published works which are not yet cited. Reviewed articles should be treated confidentially.
The reviewers will be chosen in such a way that there is no conflict of interests with respect
to the research, the authors and/or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and
they will only accept a paper when reasonably certain. They will preserve anonymity of
reviewers and promote publication of corrections, clarifications, retractions and apologies
when needed. The acceptance of a paper automatically implies the copyright transfer to the
National Academy of Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan
will monitor and safeguard publishing ethics.

[TpaBuiia opopmileHHs CTAThU JUIsl ITyOJIMKALIMK B )KypHaJle CMOTPETh Ha calTax:
www:nauka-nanrk.kz
http://www.geolog-technical.kz/index.php/en/

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Jupexrop oraena nzganus HayuHslx xkypHaioB HAH PK 4. bomanxwizer
Penaxropsr: /.C. Anenos, JK.I1I.O0en
Bepctka na xommnstiorepe I /. JKadvipanosa

[Tonmucano B mevatrs 15.02.2025.
®opmar 70x90'/, .. Bymara opcernas. Ileuars — pusorpad.
14,5 n.a. Tupax 300. 3akas 1.

POO «Hayuonanvnas akademus nayk PK»
050010, Anmamet, ya. Llleguenxo, 28, m. 272-13-19





